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5 PROCESS FOR PREPARING A CHIRAL TETRALONE 

Backqroun d of the invention. 
The present invention relates to a novel process for asymmetrically reducing 
racemic 4-(3,4<lichlorophenyi)-3,4-dihydro-1 {2H)-naphtha!enone hereinafter also 
referred to as "the tetraJone* or the racemic tetralone*) and for preparing chiral (4S)- 

10 (3,4-dichlorophenyi}-3,4-dihydro-1{2H)»naphthaienone (hereinafter also referred to as 
•the chiral tetralone*), which has utility as an intermediate in the production of pure cis- 
(1 S)(4S}'N-methyi-4-(3,4-dichiorophenyi)-1 ,2,3,4~tetrahydro-1 -naphthaieneamine 
(sertraline). Sertraiine is a known antidepressant agent. This invention also relates to 
novel intermediates in the synthesis of chirai tetralone. 

15 Several documents relate to the synthesis of pure racemic N-methyt-4-{3,4- 

dichlorophenyl)-1 ,2,3,4-tetrahydfo-1 -naphthaieneamine starting with 3,4- 
dlchlorobenzophenone and proceeding via racemic (+}-4-(3,4-dichlorophenyi)-4- 
butanoic acid and then to (^-^-{S^-dichtorophenyiJ'S^-dihydro-l (2H}-naphthalenone. 
See, e.g., U.S. Patent Nos. 4,536,51 8 (August 20, 1 985); 4,556,676 {December 3, 1 985); 

20 4,777,288 (October 1 1 , 1988); and 4,839,104 (June 13, 1989); and Journal of. Medicinal 
Chemistry , Voi. 27, No. 11, p. 1508 (1984). 

Tetrahedron , Vol. 48, No. 47, pp, 10239-10248 (1992) relates to a process for 
preparing the (4S)-enantiomer of 4-(3,4-dichiorophenyl)-3,4-dihydro-1(2H}- 
naphthaJenone comprising reducing the 4-ketobutanotc acid ester with a carbonyt 

25 reducing agent, as outlined in E. J. Corey et aL Journal of Organic Chemist r y , Vol. 53, 
p. 2861 (1988), to ultimately afford chiral tetralone. 

Other asymmetric methods of synthesis have been employed in the art, such 
as those described by W. M. Whitesides et aL,, Journal of the American Chemical 
Society, Voi. 91, No. 17, p. 4871 (1969); K. Mori ft aL, Synth esis, p. 752 (1982); B. H. 

30 Upshutz et aL, Journal of Orga ni c Chemistry , Vol. 49, p. 3928 (1 984); B. H. Upshutz et 
aL, Journal of the American ChemicaJ Society, Vol. 104, p. 4695 (1982); G. M. 
Whitesides et aL, Journal of the American Chemical Society , Vol. 91 , No. 17 (1969); C, 
R. Johnson et aL, Journal of the American Chemical Society , Vol. 95, No. 23, p. 7783 
(1973); B. H. Upshutz et aL Tetrahedron , Vol. 40, No. 24, p. 5005 (1984); and C. R, 

35 Johnson et aL, Journal of the American Chemical Society . Vol. 95, No. 23, p. 7777 
(1973). 
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Alf of the documents cited herein, including the foregoing, are incorporated 
herein in their entireties. 

Summary of t he inv entio n. . 

Broadly, the present Invention relates to a process for asymmetrically reducing 
racemic 4-(3,4-dichlorophenyl)-3,4-dihydro-1{2H)maphthafenone comprising reacting 
the racemic 4-{3,4-dichiorophenyl)-3,4-dihydro-1(2H)-naphthaienone with an asym- 
metric ketone reducing agent- The asymmetric ketone reducing agent is preferably a 
catalytic chirai oxazaborotldlne compound. 

Preferred chirai oxazafaoroiidine compounds have the formula: 

R ? H H 

Hs» > / » h R ^mmml LwamwmR 3 

r 5 \ r 5 \ 

HN X / G <V) Or HN .0 (Va) 

V B 

R 1 i 1 



R' is hydrogen, (C r C 8 ) alkyi, benzyi, phenyl or phenyl substituted with up io 
three substituents independently selected from (C,-C 8 )aJkyJ, (C r C 8 )a!koxyand hajo; and 

R 2 and R 3 are syn and the same and are each phenyl or phenyl substituted with 
up to three substituents independently selected from (C,-C 8 )alkyl, (C,-C a }alkoxy and 
halo. 

Other preferred chirai oxazaborolidine compounds have the formula: 



R 

/ \ 



/ p5 

CH — 



(CH £ ) n ~K ,0 (VI) 
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wherein: 

R* is hydrogen, tower alky} or aralkyi; 

n is 2, 3, or 4, such that the group {CH s ) n forms, together with the 
oxazaborolidine nitrogen and adjacent carbon, a 4-, 5- or 6-membered ring; and 
5 R 5 and R 8 are phenyl. 

Another preferred asymmetric ketone reducing agent comprises either 
enantiomer of the compound having the formula: 
lpc 2 BX 

wherein Ipc is isopinocampheyl, B is boron and X is halo. 
10 The reduction of the racemic tetraione, depending on the asymmetric ketone 

reducing agent chosen, wii! yieid either cis and trans alcohols having the following 
formulae: 




CI 

(I) UU> 



or cis and trans alcohols having the following formulae: 



30 
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5 



10 




(IV) C 1 1 ) 

The enantiomer of the asymmetric reducing agent determines whether (!) and 
15 (Hi) or (if) and (IV) is produced. 

The present invention aJso relates to each of the two reduction processes 
described above (i,e., that which produces compounds {{) and (!!!) and that which 
produces compounds (i!) and (IV)), further comprising separating, respectively, the cis 
aicoho! (I) from the trans aicohoi (iil) or the cis alcohol (IV) from the trans aicohoi (ii) 
20 and oxidizing, respectively, the resuming cis aicohoi (I) or trans alcohol (II) to produce 
chiral tetralone. 

The present invention aiso relates to a process comprising reacting racemic 
tetraione with an asymmetric ketone reducing agent to produce compounds having the 
formulae: 

25 



30 
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and vx^ 



(I) 




1 S or compounds having the formulae: 

OH 




OH 




said process further comprising the steps of oxidizing the compounds having, 
30 respectively, formula {ill) or (IV) to produce the 4{R} enantiomer of the tetralone f(4R> 
{3 t 4^ichlorophenyl}-3,4-dihydro-1(2H)-naph«ialenone), and contacting the resulting 
4(R) tetralone with a base to produce racemic tetralone. 

The present invention also relates to compounds having tie following formulae: 
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OH 




CI j and 
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oo .... 

a, 

a 

The term "halo*, as used herein, unless otherwise indicated, includes chioro, 
fiuoro, bromo and iodo. 

The term *alkyi", as used herein, unless otherwise indicated, includes saturated 
15 monovalent hydrocarbon radicals having straight, branched or cyclic moieties or 
combinations thereof. 

The term *alkoxy\ as used herein, includes O-aikyi groups wherein *alkyl* h 
defined as above. 

The term "aralkyf, as used herein, includes aryl groups, wherein , aryT is defined 
20 as below, terminating in an afkyl group, as defined above, which is the point of 
attachment. 

The term *aryP, as used herein, means mononuclear aromatic hydrocarbon 
groups such as phenyl, which can be unsubstituted or substituted in one or more 
positions, and polynuclear ary! groups such as naphthyi, anthryl, phenanthryl, and so 
25 forth, which can be unsubstituted or substituted with one or more groups. 

The term "one or more substHuents*, as used herein, includes from one to the 
maximum number of substituents possible based on the number of available bonding 
sites. 

Detailed Description of the Invention 
30 The processes of this invention for preparing the chiraf tetralone (4S>-(3,4> 

dichlorophenyi}'3,4-dihydro-1 (2H)-naphthalenone are depicted in the following reaction 
schemes: 
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Referring to Scheme 1, racemie 4-{3,4-dichlorophenyJ)-3,4<fihydro-1(2H)- 
naphthalenone (tetraione) is asymmetrically reduced by reacting the racemlc tetraione 
w«h an asymmetric reagent {A) or (B), wherein (A) and (B) are enantiomers. Reduction 
of racemic tetraione with enantiomer A yields compounds of formula© I and III. 
5 Reduction of racemic tetraione with enantiomer B yields compounds of formulae fi and 
iV, 

The reduction is performed in a suitable solvent such as tetrahydrofuran, 
toluene, or an alternative etheria! solvent, The reduction is performed at a temperature 
of from about -20°C to about 50°C, preferably from 20°C to 25°C. The ratio of 

10 racemic tetraione to asymmetric reagent is from about 1.0:0,025 to about 1.0:15. 
When the asymmetric reagent is a compound of formula {V) t (Va) or (VI), then the ratio 
of racemic tetraione to asymmetric reagent is preferably from about 1 .0:0.025 to about 
1 ,0:0.1 . When the asymmetric reagent is a compound of formula ipc 2 BX. then the ratio 
of racemic tetraione to asymmetric reagent is preferably from about 1.0:1,0 to about 

15 1 .0:1 .5, The asymmetric reduction of racemic tetraione produces a mixture of ds and 
trans alcohols of the formulae (I) and (Hi) or of the formulae it and IV depending upon 
the chirality of the asymmetric reagent employed. The cis alcohol {!} can be separated 
from the trans alcohol (III) by methods known in the art, such as chromatography. 
Similarly, the trans alcohol I! can be separated from the cis alcohol IV by methods 

20 known in the art, in each case, the desired product possesses the chirality desired for 
sertraline. The (4S) tetraione can be prepared by Jones oxidation, Swem oxidation, 
Manganese dioxide, pyrtdium chlorochromate, and pyridium dichromate of the resulting 
cis alcohol (I) and trans alcohol (II). 



Examples of suitable asymmetric reducing reagents include ehirai 
25 oxazaborolidsne compounds of the formula: 

R 2 R 3 




HN, 




,0 



(V) 
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wherein R 1 is hydrogen, {C s -C 8 )alkyi, benzyl, phenyl or phenyl substituted with up to 
three substituents independently selected from (C,-C 8 }a!kyl, (C r C 8 )afkoxy or halo; and 
r 2 and R a are syn and the same and are each phenyl or phenyl substituted with up to 
three substituents independently selected from (C 1 -C 8 )aikyt, {C,-C,)aikoxy or haio 
5 groups such as chloro or fluoro. A preferred number of substituents is zero, A 
preferred group of such compounds is the group of compounds wherein R\ R* end R 3 
are a!! unsubstituted phenyl. Especially preferred is the compound wherein R s and R s 
are each unsubstituted phenyl and R' is methyi. Also, especiaiiy preferred is the 
compound wherein R 2 and R 3 are each phenyl and R' is hydrogen, 
1 0 Suitable asymmetric reagents also Include a chirai 1 ,3,2-oxa2aboroiidine of the 



in which: R* is hydrogen, iower alkyi or aralkyi; n is 2, 3, or 4, such that the group 
20 {GH Z )„ forms, together with the oxazaboroiidsne nitrogen and adjacent carbon, a 4-, S~ 
or 6-membered ring; and R s and R B are phenyl. Aralkyi is as denned above. Preferred 
aikyi groups of the aralkyi are CH,. Preferred aralkyi groups are phenylalkyl groups. 

Suitabie asymmetric reagents also include a hatoborane represented by the 
formula: ipCjBX, wherein ipc is isopinocampheyi, B is boron and X is halo, 
25 Additiona! suitabie asymmetric reagents are disclosed in U.S. Patent No, 

5,189,177 issued February 23, 1993; U.S. Patent No. 4,943,635 Issued July 24, 1990; 
U.S. Patent No. 4,772,752 issued September 20, 1988; U.S. Patent Application Serial 
No. 08/061,895 filed May 14, 1993; international Patent Application PCT/US93/00687, 
filed February 1, 1993; International Patent Application PCTAJS92/05434, filed July 1, 
30 1 992; and international Patent Application PCT/US92/05433, filed July 1, 1992. 

Referring to Scheme 2, the process for making (4S)-{3,4-dichlorophenyi)-3,4- 
dihydro-1(2H)-naphtbalenone may optionally contain one or more additional steps 
wherein alcohols {III) and/or {IV} are recycled, in this process, the alcohols {Hi} and/or 



formuia: 



15 
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{IV) are oxidized to produce 4{R) enantiomer of th© tetraione, which is then reacted with 
a base to produce the racemic tetraione. The oxidation can be done by methods 
known to those skilled in the art. The racemization reaction is performed at a 
temperature of from about 0°C to about 100*0, preferably 25°0 to 65°C. The 4(R) 
5 enantiomer of the tetraione is reacted with a base at a temperature of from about 25 e C 
to about 65°C, preferably 50°C to 80°C. Suitable bases for this reaction include 
potassium £-butoxide, sodium hydroxide, sodium meihoxide, and potassium hydroxide. 
A preferred base is potassium t-butoxide. 

The (4S)-4-(3,4-dichlorophenyi)-3,4-dihydro-1{2H)-naphthaienone final product 

1 0 afforded by the process of this invention is a valuable intermediate that can be used to 
synthesizethe antidepressant agent known as sertraline orcj§-(1 S){4S}-N-rnethyl-4-{3,4- 
dichlorophenyiH^.S^-tetrahydro-l-naphthaieneamine by methods disclosed in the 
previously discussed prior art. More specifically, (4S)-4-(3,4-dich!orophenyt}-3,4- 
dihydro*t{2H}-naphtha!enone is first converted to (4S)-N-{4-(3,4-dichlorophenyt)«3,4- 

15 dihydro-1(2H)-naphthalenylidine]methanamine and then finally to the desired ds- 
(1 S}(4S)-N'-methyi-4~{3,4-dichlorophenyi)-1 ,2,3,4-tetrahydro-t -naphthaieneamine bythe 
known methods of the prior art process, as earlier described in U.S. Patent No, 
4,536,518 {August 20, 1985). in the present instance, the optically-active ketone, viz., 
(4$}~4-(3,4-dichforophenyl)-1 (2H)-naphtha!enone, is first reductiveiy aminated to give 

20 chiral c]s^-methyi-4-{3,4<lichlorop^ and the 

iatter product is then separated by chromatographic means to ultimately yield the 
desired final medicinal product which is sertraline. 

The preparation of other compounds of the present invention not specifically 
described in the foregoing experimental section can be accomplished using 

25 combinations of the reactions described above that wili be apparent to those skilled in 
the art. 

In each of the reactions discussed or illustrated in Schemes 1 or 2 above, 
pressure is not critical unless otherwise indicated. Pressures from about 0.9 
atmospheres to about 2 atmospheres are generally acceptable and ambient pressure, 
30 i.e., about 1 atmosphere, is preferred as a matter of convenience. 

The activity, methods for testing activities, dosages, dosage forms, methods of 
administration and background information concerning sertraline are set forth in U.S. 
Patent Nos. 4,536,518 {August 20, 1985}, 4,777,288 (October 1 1 , 1988), and 4,839,104 
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(June 13, 1989), and the Journal of Medicinal Chemistry . Vol. 27, No. 11, p. 1508 
(1984). 

The present invention is Illustrated by the following examples. It will be 
understood, however, that the invention is not limited to the specific details of these 
5 examples. 

EXAMPLE 1 

(4SV(3,4-d ichioro phenv{}-3,4-dihydro>1(2H)' na phthaienone 
Borane methylsulfide complex (2M in THF, 6.0 mL, 12 mmol) was added all at 
once to a solution of {1 S, 2R}-{+}-erythro-2-amino-1 ,2-diphenylethano! y. Amer . Chem . 

10 Soc. 1216 (1951) aiso commercially available] {183 mg, 0.86 mmol) In THF (55 ml) 
under a nitrogen atmosphere. The solution was stirred for 1 8 hours. Racemic tetralone 
(5.0 g, 17 mmol) as a solution in THF was added over 1 hour, the reaction stirred 15 
minutes after the addition was completed, cooled to 0°C and quenched with methanol. 
After stirring the quenched reaction for 18 hours the solvents were removed under 

15 vacuum, the contents dissolved in methylene chloride {100 mL), and washed 
sequentially with pH4 phosphate buffer {100 mL), water {100 ml), treated with 
magnesium sulfate, and solvent removed to afford a mixture of the cis and trans 
alcohols (5.01 g). Chromatography with ethyl acetate/hexanes provided the less poiar 
cis alcohol. 'H NMR 6 (CDCy 7.46 (dd, J=1Hz, J=7Hz, 1H), 7.41*7.07 {m, 4H), 6.98 

20 (dd, J=2Hz, J=8Hz, 1H), 6.82 (d, J==7Hz, 1H), 4.86 (t, J=4Hz, 1H), 3.99 (t, J=8Hz, 1H), 
2.18-1.87 (m, SH). 13 C NMR 6 147,0, 138.9, 138.4, 132,4, 130.7, 130.4, 130.2, 129.8, 
129.1, 128.3, 128.2, 127,1, 67.9, 45.1, 30.1, 28.2 and the more polar trans alcohol 'H 
NMR (CDCy 6 7.54 (d, J=7Hz, 1H} ( 7.4-7.07 <m, 4H) ( 6.90-6.75 (m, 2H), 4.88 (t, 
J=5Hz, 1H), 4.13 (t, J=6Hz, 1H), 2.43-1.63 (m, 5H). The less polar cis alcohol 1 (160 

25 mg, 0.646 mmol) was dissolved in methylene chloride {5 mL), treated with pyridium 
ehiorochromate (220 mg, 1 .023 mmol), and stirred for 2 hours at ambient temperature. 
Diethyl ether was added (25 ml), stirred 20 minutes, and the solvent decanted. The 
residua! dark gum was washed with diethyl ether (2 X 15 mL), the organic layers 
combined, filtered through a pad of magnesium sulfate, and solvent removed under 

30 vacuum to afford a brown oil (170 mg). Chromatography on silica (5.1 g) eluting with 
methylene chloride provided the chiral tetralone as a clear oil (118 mg). This material 
was determined to be > 95% ee by HPLC with a chiral support (Diacel Co. ChiratcelOD 
4.8 mm X 25 cm, 10% isopropyi aicohoj/hexane). 
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EXAMFLE2 
{4SH3 f 4<<ichiorophenyi)-3,4<iihydrcH i2H^ 

{3,4-dlchlorophenyt}-3,4-<flh^tro-1{2H)-naphthalenone (*the tetraione") (5g, 17 
mmol)j(S)-Tetrahydro-t-methyl-3,3-dipherty1-1 H,3H-pyrro!o~[1 ,2-c][1 ,3,2joxazaboroi<J. 
§ Org- Chem, 2861 (1988)] (238 mg, 0.859 mmoi), and tetrahydrofuran (THF) (68 ml) 
were combined at ambient temperature in a flamed dried flask under a nitrogen 
atmosphere- Sorane methytsutfide complex (2 M in THF, 4.56 ml) was added over 1 
hour, 30 minutes later the reaction was quenched at 0°C with methanol {16.8 ml), and 
stirred for 1 8 hours. The solvents were removed under vacuum, the contents dissolved 

1 0 in methylene chloride (88 mL), and washed sequentially with pH4 phosphate buffer (68 
ml), water (68 mL), treated with magnesium sulfate, and solvent removed to afford a 
mixture of the cis and trans alcohols (4.93 g). Chromatography with 
ethylacetate/hexanes provided the less polar cis alcohol oD=-52.27 (c»1 ,01 , methylene 
chloride) and more polar trans alcohol cO= +37.79 (c=1 .1 8, methylene chloride). The 

1 5 more polar trans alcohol 2 (1 60 mg, 0.546 mmoi) was dissolved in methylene chloride 
(5 mL), treated with pyridium chlorochromate {220 mg, 1 .023 mmoi), and stirred for 2 
hours at ambient temperature. Diethyl ether was added (25 ml), stirred 20 minutes, 
and the solvent decanted. The residual dark gum was washed with diethyl ether (2 X 
1 5 mL), the organic layers combined, filtered through a pad of magnesium sulfate, and 

20 solvent removed under vacuum to afford a brown oil (162 mg). Chromatography on 
silica (5 g) eluting with 25% ethyl acetate/hexanes provided the chirai tetraione as a 
clear oil (139 mg) aD~+36.8 (0=1.11} which corresponds to a 56% ee. 

EXAMPLE 3 

(4SH3,4- d ichlorophenyi)-3,4-dihydro-1f2B)-naphthajenone 
25 {(+)-8~chlorodiisopinocampheylborane] (6.07 g, 18.97 mmoi) was dissolved in 

THF (13.8 mL) under a nitrogen atmosphere, and cooled to -25°C. Tetraione (5 g, 17 
mmoi) was added as a solution in THF (13.6 mL), the contents allowed to warm to 
ambient temperature, and stirred 46 hours. The solvent was removed under vacuum, 
diethyl ether (65 mL) and ethanol amine (3.9 mL) were added, and the contents stirred 
30 for 18 hours. The precipitate was filtered off, washed with pentane (2 X 20 ml), and 
the solvent removed under vacuum from the filtrate to yield the crude product (4.98 g) 
which was chromatographed on silica with 25% ethyl acetate/hexanes to separate the 
cis and trans alcohols. The more polar trans alcohol 2 (176 mg, 0.579 mmoi) was 
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dissolved in methylene chloride {5 mL) and treated with pyridium chJorochromat© (192 
mg) for 2 hours at ambient temperature. Diethyl ether was added {25 mL), stirred 15 
minutes, and the solvents decanted. The residual black semisolid was washed with 
diethyl ether (2X10 ml}, the organic phases combined, filtered through CEUTE, and 
5 solvent removed under vacuum to yield the crude chira! tetraione. Chromatography on 
silica ©luting with 25% ethyi acetate/hexanes afforded 165 mg of pure product 
oD~ +30.94 (c«1.28, acetone) which corresponds to 47% ee. 

EXAMPLE 4 

4- (3,4-dichiorophenv0-3,4-dihydro-1 (2H)-naphthaienone 
1 0 Pyridium cblorochromate oxidation of the trans alcohols 3 and 4 with the same 

procedure employed on alcohols 1 and 2 provided the chirai tetraione. RacemizaiSon 
of the chirai tetraione into racemic tetraSone was achieved as follows. Potassium t- 
butoxlde (90 mg, 0.80 mmol) was added to a solution of chira! tetraione {1.12 g, 3,84 
rnmol) in THF (4 mL). The solution was refiuxed for 18 hours under nitrogen, cooled 
15 to ambient temperature, methylene chloride (10 ml) and aqueous hydrochloric acid 
(1 N, 20 mL) added, and the phases separated. The organic phase was washed with 
water (10 mL}, brine {10 mL), dried with magnesium sulfate, and solvent removed under 
vacuum to yield 1 .1 g of the crude racemic tetraione. Recrystaliization from methanol 
afforded 1.07 g (95%) of the racemic tetraione mp-104-5°C. Other base solvent 
20 combinations which effect racemization are methanol/sodium methoxide, 
methanoi/sodium hydroxide, and methanol/potassium hydroxide. 
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CLAIMS 

1 . Aprocessfofasymm$trica!lyfeducingfacemic4-{3,4-dic^!orophenyl)-3,4- 
dihydro-1 (2H)-naphthatenone comprising reacting the racemic 4-{3 ! 4*diehlorophenyi}« 
3,4-dthycfr£>-1{2H}-naphtha!enone with an asymmetric Ketone reducing agent. 

2. A process according to claim 1 wherein the asymmetric ketone reducing 
agent is a chirai catalytic oxazaborotidine compound. 

3. A process according to claim 2 wherein the chirai oxazaborotidine 
compound has the formula: 

R s R 3 H H 



i+<»»»»»4 f IH « nifH R MmmmmP 

HN (V) or Hrl ^0 



I. 



wherein: 

R' is hydrogen, {C,-C e ) alkyl, benzyl, phenyl or phenyl substituted with up to 
20 three substituents independently selected from (C t -Chalky! , (C,-C B )a!koxy and halo ; and 

W and R 3 are syn and the same and are each phenyl or phenyl substituted with 
up to three substituents independently selected from (C,-C s )alkyi, (C r C 8 )a!koxy and 
haio. 

4. A process according to claim 2 wherein the chirai oxazaborotidine 
25 compound has the formula: 



30 




(VI) 
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Cl 

(IV) (II) 

8. A process according to claim 6 wherein said process further comprises 
15 the steps of separating the cis aicohoi (I) from the trans aicohoi (III) and oxidizing the 

the resuming cis aicohoi (!) to produce chiral tetraione. 

9. A process according to claim 7 wherein said process further comprises 
the steps of separating the cis alcohol (IV) from the trans alcohol (It) and oxidizing the 
the resulting trans alcohol (II) to produce chiral tetraione. 

20 10, A process according to claim 1 wherein the reaction of racemtc tetraione 

with an asymmetric ketone reducing agent yields compounds having the formulae: 



25 



30 
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wherein: 

R* is hydrogen, lower atkyl or aralkyl; 

n is 2, 3, or 4 t such that the group (CH 2 ) n forms, together with the 
oxazaborolidine nitrogen and adjacent carbon, a 4-, 5- or 6-membered ring; and 
5 R s and R 8 are phenyl. 

5. A process according to ciaim 1 wherein the'asymmetric ketone reducing 
agent comprises either enanttomer of the compound having the formula: 
tpejBX 

wherein Spc is isopinocampheyi, B is boron and X is hato. 
to 6, A process according to ciaim 1 wherein the reduction of the racemic 

tetralona yields cis and trans alcohois having the following formulae: 



15 



20 
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7, A process according to ciaim 1 wherein the reduction of the racemic 
tetraione yields cis and trans alcohols having the following formulae: 



30 
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5 



10 




C3 

(I) (III) 



1 5 or compounds having the formulae: 



20 



25 




< U ) (IV) 

11, A process according to claim 10, further comprising the steps of 
30 oxidizing the compounds having formula (!!!) or (IV) to produce (4R)-(3,4- 
dichlorophenyi)-3,4-dihydro-1(2H}-naph*ia!enone, and contacting the resulting 4{R) 
tetralone with a base to produce racemic 4-(3,4-dichlorophenyi)-3,4-dihydro-1(2H)- 
naphthalenone. 
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1 2. A process according to claim 1 0 wherein said asymetric ketone reducing 
agent is a chiral oxazaboroiidine having the formula: 



R 



V) (V) or HN 0 (Va) 



wherein: 

R 1 is hydrogen, {C,-C 0 } aikyl, benzyl, pheny! or phenyl substituted with up to 
three substituents independently selected from (C,-C 8 )alkyl, (C, -C 8 )aikoxy and halo; and 

R J and R 3 are syn and the same and are each phenyl or phenyl substituted with 
up to three substituents independently selected from (C,-C 8 )atkyi, {C,-C„)afkoxy and 
halo. 

13, A process according to ciaim 10 wherein said asymmetric ketone 
reducing agent is a chirai oxazaboroiidine having the formula: 

X CH— 
I 



wherein: 

R 4 is hydrogen, lower alky! or aralkyi; 

n is 2, 3, or 4, such that the group (CHj}„ forms, together with the 
30 oxazaboroiidine nitrogen and adjacent carbon, a 4-, 5- or 6-membered ring; and 
R 5 and R 6 are phenyl. 
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14. A compound of the formula: 
OH 
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